Abstract --Funding from the minister of culture of Sachsen Anhalt enabled us to develop a simulation software package, which consists of three main modules: The signal module simulates various lidar signals such as transmitted and received waveforms as well as noise signals for pulse and CW lidars respectively laser range finders. The optics module simulates various imaging systems. The atmospheric module simulates the atmospheric contribution. The software potentially minimizes the amount of time consuming and expensive experimentation in lidar or laser range finder design.
INTRODUCTION
Experimental lidar design is a time consuming and expensive process. On the other hand the applicability of analytical calculations is quite limited [ 11. However modem computer technology enables the usage of quite realistic numerical models even on personal computers or on low budget workstations. Since several lidar simulators already exist [2] , [3] , [4], [5], the main objective of our work is versatility and portability. Our software is written in FORTRAN. No or only minor modifications are required to compile, link and run it on different platforms.
OVERVIEW ATMOSPHERIC MODULE
The necessary atmospheric data are provided by a slightly modified version of MODTRAN3.7 for low spectral resolution. For high spectral resolution FASCODE3 is used to calculate the contribution of molecular absorption to transmittance and radiance data. The FORTRAN source codes are available from the USAF [ 6 ] , [7] for non commercial use. Since our simulation software calculates sampled signals in the time domain the atmospheric properties combined with the properties of the imaging system must constitute a temporal impulse response. MODTRAN and FASCODE provide static transmission respectively radiance data. Fig. 2 shows our spherical model of earth and atmosphere. Linear interpolation matches the atmospheric data from the particular layers to the temporal sampling interval used by the signal module.
Basically all MODTRAN respectively FASCODE options can be used. The input files (TAPES) are generated conveniently by interactive routines, which are called by the initialization program. As shown in fig. 2 arbitrary positions respectively orientations of the lidar can be defined like ground based, airborne, spacebome, looking up, looking down etc.. Ground intersections are detected and suitable hard targets are included into the simulation. Fig. 3 schematically shows the merging of aerosol respectively molecular scattering data obtained from MODTRAN3.7 with transmission data calculated by the optics module to an impulse response. The lidar is 1 km above ground and looks down with a zenith angle of 100 degrees. After a path length of 6 km a ground intersection occurs, which shows up in the impulse response as an increase by four orders of magnitude followed by zeroes. Various types of imaging systems such as coaxial and biaxial systems consisting of reflectors, e.g. Cassegrain optics, and/or lenses are simulated. using a multi dimensional Monte Carlo integration method [SI. The origin and the direction of a particular transmitted ray on the emitting surface of the laser are randomly selected. After passing the transmitter imaging system the point of intersection with a particular target plane is calculated. Then the direction of a particular ray scattered from the point of intersection is randomly selected. After passing the receiver imaging system the point of intersection with the detector plane is calculated. If the detector is hit the received power is increased by the amount of power of the scattered ray. Repeated calculation of such sample beams and subsequent accumulation on the detector surface leads to an estimate of the received power for a particular target distance. These calculations are carried out for a sequence of target planes with different distances from the lidar.
The results constitute a function transmission vs. distance, which is combined with the MODTRAN/FASCODE results. The example in fig. 4 shows the results of simulation for a coaxial system and a biaxial system. The optics module can also be used in the stand alone mode as a tool for the design and analysis of imaging systems.
Fig. 4, Comparison of biaxial and coaxial imaging system
DiMiaction and atmospheric turbulence can be simulated by means of replacing the intensity respectively sensitivity distribution on the transmitter respectively detector surface by an equivalent distribution created by means of convolution with a down scaled Airy pattern andor a down scaled rotationally symmetric Gaussian distribution [l] . The calculation of the transmitted intensity patterns is used for eye safety analysis.
SIGNAL MODULE
The generation of the transmitted waveform is the first step of the calculation of received lidar respectively laser range finder signals. Optional waveforms are: equidistant sequences of rectangular pulses, pseudo random sequences, random sequences of rectangular pulses, sequences of chirp pulses, AM-or FM-modulated sinusoidal signals, with various random or deterministic modulating waveforms.
The laser transmitter is modeled as a digital low pass filter of user selected order and filter type. The impulse response of the atmosphere and the imaging system is generated from previously generated input files depending on the user defined spectral properties of the laser and the optical band pass filter in the receiver. After convolution of the transmitter output signal with that impulse response the background light is added considering the spectral properties of the optical band pass filter in the receiver.
After conversion from optical power to photo current the dark current of the detector is superimposed. Shot noise of the photo current is simulated by Poisson distributed random numbers. In the case of an APD or PMT the signal is multiplied by the statistically varying gain. The variations are simulated using Lognormal distributed random numbers. Linear or photon counting mode of the detector can be simulated.
The electronic amplifier is simulated as a digital third order low pass filter with user selected transfer function. Amplifier noise is simulated using Gaussian distributed random numbers. The receiver output signal can be averaged, displayed and stored in formatted data files for fiuther processing. The number of periods for averaging can be selected by the user. If random or pseudo random transmitted waveforms were selected the receiver output signal can be correlated with the transmitted waveform. The correlator can be analog or digital (sign correlator) [9] . The correlator output signal can also be averaged, displayed and stored in formatted data files for further processing. If a differential absorption lidar (DIAL) is simulated the calculation is carried out sequentially for the two wavelengths.
RESULTS OF SIMULATION
Figs. 5 and 6 show the results of simulated night time measurements using a pseudo random modulated 200 mW diode laser with 2 nm FWHM of the spectrum at h = 830 nm. The detector is an APD in the linear mode. The bandwidth is 10 MHz. Averaging time is 10 sec.. In a the correlator is analog. In b the correlator is digital. A rural U.S. 1976 standard atmosphere was assumed. The viewing direction is vertical from ground. The imaging system consists of a lens with diameter 5cm and focal length 8 cm and a Newtonian receiver telescope with diameter 25 cm and focal length 150 cm. ;.-mi Enlargements with limited peak height are inserted so that details can be seen more clearly. Negative values behind the peak from the hard target result from the generation of the reference level for the comparator in the digital correlator by means of a low pass filter [9] .
